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DOSE DISTRIBUTION 

1.1 Test Cell Coordinate System 


The coordinate system used to 
describe the dose distribution in the Harry Dia¬ 
mond Laboratories AURORA test cel', is il¬ 
lustrated in figure 1. It is a right-handed carte¬ 


sian coordinate system with the z-axis along 
the machine center line and the origin in the 
plane of the forward test cell wall. Coordinates 
are always specified in meters. The machine 
center line is 1.8 m (approximately 70 in.) 
above the test cell floor. Since the pyramid 
shaped "dimple panel” that covers the four 
anodes is recessed into the forward test cell 
wall, it is possible to have negative values of z. 



Figure 1. AURORA test cell coordinate system. 
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1.2 Normalization of Dose Maps D = K R D N , (2) 

To make the dose maps usable for 
any machine operating parameter, we present where 
them in normalized form, with 1 krad (Si) in the 

“hot spot" (that is, the region of maximum D = silicon equilibrium dose in rad (Si), 
dose in the test cell) and 1 rad (Si) near the rear 

of the test cell. To find the actual dose or dose 6 = silicon equilibrium dose rate in rad (Si)/s, 
rate for a given Marx generator charging 

voltage, the normalized dose values must be d n = normalized dose (from fig. 3 to 11), 
multiplied by the appropriate constant (K D for 

dose, K r for dose rate) found in figure 2; thus, « D = dose multiplier (from fig. 2), 
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1.3 Normalized Center Line Dose 




The normalized dose along the 
machine center line (that is, on the z-axis) is 
shown in figure 3 as a function of z. The hot 
spot at z = 0.15 m is the highest dose 
achievable anywhere in the AURORA test cell, 
except on the anode plates. Also, from z = 1 m 
to about z = 10 m, the dose falls off as z'*- 

1.4 Normalized Test Cell Isodose 
Contours: Plan 

Figure 4 shows isodose contours in 
the test cell in a horizontal plane 1.8 m above 
the floor (that is, in the x-z plane). Since the 
dose distribution in the test cell is approximate¬ 
ly rotationally symmetrical about the machine 
center line, figure 4 may be used also to find 
the dose for points where y # 0. In that case, 
the x-coordinate of figure 4 may be reinter¬ 
preted as an r-coordinate, where r = (x 2 + y J )’/«. 

1.5 Normalized Test Cell Isodose 
Contours: Elevations 

Figures 5 to 7 show gross isodose 
contours in the test cell in the vertical x-y 
planes at z = 1, z = 3, and z = 5 m. 

1.6 Normalized Test Cell Isodose 
Contours: Detail 

The volume in the immediate vicinity 
of the hot spot has been mapped in con¬ 
siderably more detail than the rest of the test 
cell because it is the most frequently used area 
for irradiations and also because the dose gra¬ 
dients are higher there than elsewhere in the 


test cell. A cylindrical volume 1 m long and 1 m 
in diameter surrounding the hot spot is general¬ 
ly called the “test volume.” Figure 8 shows 
two longitudinal sections through this test 
volume, one horizontal in the x-z plane, the 
other in a plane that is at 45 deg to the horizon¬ 
tal. (The horizontal section is equally valid for 
the vertical, or y-z, plane.) The important thing 
to note here is that for z < 0.5 m, the dose 
distribution is no longer even approximately 
rotationally symmetric about the z-axis, but 
takes on a distinct fourfold symmetry. This loss 
of symmetry is dramatically evident in figure 9, 
which shows two vertical sections through the 
test volume, one at z = 0.15 m (right through 
the hot spot) and one at z = -0.1 m, in which 
the effect of the four individual anodes is more 
pronounced. 


1.7 Normalized Anode Faceplate 

Isodose Contours 

As mentioned in section 1.3, certain 
small areas of the anode faceplates exhibit a 
dose (or dose rate) about 20 percent higher 
than that in the hot spot. The anode hot spots 
can be seen in figures 10 and 11, which are the 
normalized anode faceplate maps for 80-kV 
and 110-kV Marx generator charging voltage, 
respectively. The four quadrants in these 
figures represent the four faces of the dimple 
panel, which is in the shape of a shallow con¬ 
cave pyramid. The influence of the four 
anodes, which are located behind the faces of 
the pyramid, is clearly visible. Letters A 
through D are the conventional identification of 
the four anodes. (See pages 8 through 14 for 
figures 3 through 11.) 
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NORMALIZED DOSE ON CENTER 



0.1 0.2 0.3 0.4 0.5 0.6 0.70.80.91 2 3 456789 10 \20 

DISTANCE ALONG CENTER LINE, * (m) 


Figure 3 Normalized center line dose (must be multiplied by appropriate constant tor dose or dose rate—see sect. 1.2 
and fig. 2). 
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Figure 4. Normalized test cell isodose contours, plan (all contour values must be multiplied by appropriate constant lor 
dose or dose rate—see sect. 1.2 and fig. 2). 
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igure 5 Normalized test cell isodose contours, z « I m (all contour values must De multiplied by appropriate constant 
tor dose or dose rate—see sect. 1 2 and fig 2) 
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Figure 6, Normalized test cell isodose contours, z » 3 m (all contour values must be multiplied by appropriate constant 
lor dose or dose rate—see sect 1 2 and fig. 2) 
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Figure 7. Normalized test cel! isodose contours, z = 5 m (all contour values must be multiplied by appropriate constant 
tor dose or dose rate—see sect. 1.2 and fig. 2). 
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Figure 0. Normalized test volume isoclose contours, longitudinal sections (all 
contour values must be multiplied by appropriate constant tor dose or dose 
rate—see sect. 1.2 and fig. 2). 
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i- -0.1m PLANE i« 0.15m PLANE 

Figure 9 Normalized test volume isodose contours, vertical sections (all contour 
values must be multiplied by appropriate constant for dose or dose rate—see 




















2. PULSE SHAPE 

The shape of the AURORA bremsstrahiung 
pulse is shown in figure 12, which is an 
oscilloscope trace showing the dose rate as a 
function of time as measured by a Pilot-B scin¬ 
tillator and vacuum photodiode. 1 The dose rate 
at very early and very late times, relative to the 
dose rate at the peak, is shown in figure 13. 
Figure 13 is a composite plot of a number of 
measurements taken on a number of AURORA 
pulses from 1973 to 1979 and may be regarded 
as typical for a good AURORA pulse at either a 
90- or a 110-kV Marx charge, measured in the 
hot spot. At z = 4 m, the pulse tends to be a lit¬ 
tle wider, averaging about 135 ns full width at 
half maximum (FWHM). 

The dose rate at the peak of the pulse is 
not calculated correctly by dividing the dose by 
the FWHM; that is, 


'Klaus G. Kerris, The AURORA Dosimetry System, 
Harry Diamond Laboratories HDL-TR-1754 (March 
1976). 


6peak * D/FWHM . (3) 

The correct equation is 

Dpeak = D/eff width, (4) 

where the effective width is defined by 

eff width = area/peak height. (5) 

The dose rate is therefore calculated most ac¬ 
curately by measuring the peak height and the 
area of the bremsstrahiung pulse (fig. 12) and 
using equations (4) and (5). When this ac¬ 
curacy is not required and it is inconvenient to 
measure the area under the pulse, it is useful 
to know the following relationship (true for a 
typical good AURORA pulse): 

eff width/FWHM = 1.08 ± 0.05. (6) 

The dose rate can therefore be approximated 
pretty well by 

Dpeak = D/(1.08 FWHM). (7) 



Figure 12. AURORA bremsstrahiung pulse. 
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RELATIVE PULSE AMPLITUDE 





3. BREMSSTRAHLUNG SPECTRUM 


T he AURORA bremsstrahlung spectrum is 
difficult to measure directly because of the 
peculiar source geometry of the four large 
anodes. That the hot spot is almost surrounded 
by four large bremsstrahlung sources makes 
any kind of collimated measurement almost 
impossible. Calculation of the bremsstrahlung 
spectrum from a known target is quite feasible, 
provided that the energy spectrum and the 
angular distribution of the incident electrons 
are known. The electron energy spectrum can 
be calculated, given good time-resolved 
voltage and current diagnostics; however, the 
angular distribution of the incident electrons is 
not well known at all. Some reasonable 
assumptions can be made, though. 

For the following spectra, we calculated 
the electron energy spectrum from the voltage 
and current pulses using the computer code 


EBSPEC. All electrons were assumed to be in¬ 
cident on the AURORA target at an angle of 20 
deg from the normal. (This angle was deduced 
from the fact that the dose distribution from a 
single anode is symmetrical about an axis that 
is inclined at 20 deg with respect to the normal 
to the anode plane.) The transmitted 
bremsstrahlung spectrum and angular distribu¬ 
tion were then calculated by using the 
electron-photon transport code TIGER. Figure 
14 shows the energy spectrum, and figure 15 
shows the angular distribution of photon inten¬ 
sity, for a single anode, for a 110-kV Marx 
charge. Figure 16 shows the energy spectrum 
for a 90-kV Marx charge. 

All Monte Carlo transport calculations 
were run for 5000 histories of incident primary 
electrons. The statistical error is less than 10 
percent from 0.2 to 4.0 MeV for the 110-kV 
spectrum and less than 16 percent from 0.15 
to 3.0 MeV for the 90-kV spectrum. 





PHOTON INTENSITY IMiVMiV - ELECTRON) 





0.1 0.2 0.5 1 2 6 10 

PHOTON ENERGY (M»V) 


Figure 14. Bremsstrahlung spectrum, 110-kV Marx charge. 
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Figure 15. Bremsstrahlung angular distribution, single 
anode, 110-kV Marx charge. 



Figure 16. Bremsstrahlung spectrum, 90-kV Marx charge. 


19 












DISTRIBUTION 


ADMINISTRATOR 

DEFENSE TECHNICAL INFORMATION CENTER 
ATTN DTIC-DDA (12 COPIES) 

CAMERON STATION, BUILDING 5 
ALEXANDRIA, VA 22314 

COMMANDER 

US ARMY RSCH & STD GP (EUR) 

ATTN CHIEF, PHYSICS £ MATH BRANCH 
FPO NEW YORK 09510 

COMMANDER 

US ARMY ARMAMENT MATERIEL 
READINESS COMMAND 

ATTN DRSAR-LEP-L, TECHNICAL LIBRARY 
ROCK ISLAND, IL 61299 

COMMANDER 

US ARMY MISSILE & MUNITIONS 
CENTER £ SCHOOL 
ATTN ATSK-CTD-F 
REDSTONE ARSENAL, AL 35809 

DIRECTOR 

US ARMY MATERIEL SYSTEMS ANALYSIS 
ACTIVITY 
ATTN DRXSY-MP 

ABERDEEN PROVING GROUND, MD 21005 
DIRECTOR 

US ARMY BALLISTIC RESEARCH LABORATORY 
ATTN DRDAR-TSB-S (STINFO) 

ABERDEEN PROVING GROUND, MD 21005 

US ARMY ELECTRONICS TECHNOLOGY 
AND DEVICES LABORATORY 
ATTN DELET-DD 
FT MONMOUTH, NJ 07703 


DIRECTOR 

DEFENSE NUCLEAR AGENCY 

ATTO TITL 

ATTN DDST 

ATTO RAEV 

ATTN STNA 

WASHINGTON, DC 20305 

COMMANDER 
FIELD COMMAND 
DEFENSE NUCLEAR AGENCY 
ATTN FCPR 

KIRTLAND AFB, NM 87115 
CHIEF 

FIELD COMMAND 
DEFENSE NUCLEAR AGENCY 
LIVERMORE BRANCH 
ATTO FCPRL 
P.O. BOX 808, L-317 
LIVERMORE, CA 94550 

DIRECTOR 

JOINT STRAT TGY PLANNING STAFF 

OFFUTT AFB 

ATTN JLA 

ATTO JSAS 

OMAHA, NB 68113 

UNDER SECY OF DEF FOR RSCH £ ENGRG 
DEPARTMENT OF DEFENSE 
ATTN STRATEGIC & SPACE SYS (OS) 
WASHINGTON, DC 20301 

DEP CH OF STAFF FOR RSCH DEV £ ACQ 
DEPARTMENT OF THE ARMY 
ATTN DAMA-CSS-N 
WASHINGTON, DC 20310 


HQ, USAF/SAMI 
WASHINGTON, DC 20330 

TELEDYNE BROWN ENGINEERING 
CUMMINGS RESEARCH PARK 
ATTO DR. MELVIN L. PRICE, MS-44 
HUNTSVILLE, AL 35807 

ASSISTANT TO THE SECRETARY OF DEFENSE 
(ATOMIC ENERGY) 

ATTO EXECUTIVE ASSISTANT 
WASHINGTON, DC 20301 


COMMANDER 

US ARMY MISSILE COMMAND 
ATTO DRCPM-PE-EA 
ATTN RSIC 

REDSTONE ARSENAL, AL 35898 
COMMANDER 

US ARMY NUCLEAR £ CHEMICAL AGENCY 

ATTO LIBRARY 

7500 BACKLICK ROAD 

BUILDING 2073 

SPRINGFIELD, VA 22150 


I 


DIRECTOR 


COMMANDER 



DEFENSE INTELLIGENCE AGENCY 

US ARMY TEST AND 

EVALUATION 

COMMAND 

ATTO DT-1B, R. 

RUBENSTEIN 

ATTO DRSTE-EL 



WASHINGTON, DC 

20301 

ABERDEEN PROVING 

GROUND, MD 

21005 


21 










DISTRIBUTION (Cont'd) 


COMMANDER OFFICER 
NAVAL INTELLIGENCE SUPPORT CTR 
4301 SUITLAND ROAD, BLDG 5 
ATTN NISC-45 
WASHINGTON, DC 20390 

COMMANDING OFFICER 
NAVAL RESEARCH LABORATORY 
ATTN CODE 4701, J. BROWN 
ATTN CODE 7550, J. DAVIS 
ATTN CODE 6770, G. COOPERSTEIN 
WASHINGTON, DC 20375 

OFFICER IN CHARGE 

NAVAL SURFACE WEAPONS CENTER 

WHITE OAK LABORATORY 

ATTN CODE R40 

ATTN CODE F31 

SILVER SPRING, MD 20910 

COMMANDER 

NAVAL WEAPONS CENTER 
ATTN CODE 233, TECH LIB 
CHINA LAKE, CA 93555 

OFFICE OF THE CHIEF OF NAVAL OPERATIONS 
ATTN OP 604E14, R. BLAISE 
WASHINGTON, DC 20350 

AFWL/DYC 
ATTN SUL 
ATTN CA 
ATTN DYC 
ATTN NT 
ATTN DYP 

KIRTLAND AFB, NM 87117 

BALLISTIC MISSILE OFFICE/MN 
AIR FORCE SYSTEMS COMMAND 
(MINUTEMAN) 

ATTN MNNH 
ATTN MNRTE 

NORTON AFB, CA 92409 

DEPUTY CHIEF OF STAFF 
RESEARCH, DEVELOPMENT, 6 ACQ 
DEPARTMENT OF THE AIR FORCE 
ATTN AFRDQSM 
WASHINGTON, DC 20330 

HEADQUARTERS SPACE DIVISION/IN 
AIR FORCE SYSTEMS COMMAND 
POST OFFICE BOX 92960 
WORLDWAY POSTAL CENTER 
(INTELLIGENCE) 

ATTN IND, D. MUSKIN 
LOS ANGELES, CA 90009 


HEADQUARTERS SPACE DIVISION/SK 
AIR FORCE SYSTEMS COMMAND 
POST OFFICE BOX 92960 
WORLDWAY POSTAL CENTER 
(SPACE COMM SYSTEMS) 

ATTN SKF, P. STADLER 
LOS ANGELES, CA 90009 

DEPARTMENT OF ENERGY 
ATTN OFC OF INERT FUSION, T. GODLOVE 

ATTN OFC OF INERT FUSION, C. HILLAND 

ATTN OFC OF INERT FUSION, S. KAHALAS 

WASHINGTON, DC 20545 

ADVANCED RESEARCH 6 APPLICATIONS CORP 
1223 E. ARQUES AVENUE 
ATTN R. ARMISTEAD 
SUNNYVALE, CA 94086 

AVCO RESEARCH 6 SYSTEMS GROUP 
201 LOWELL STREET 
ATTN LIBRARY A830 
WILMINGTON, MA 01887 

BDM CORP. 

7915 JONES BRANCH DRIVE 
ATTN CORPORATE LIBRARY 
MCLEAN, VA 22102 

BOEING CO. 

PO BOX 3707 

ATTN AEROSPACE LIBRARY 
SEATTLE, WA 98124 

DIKEWOOD CORPORATION 
1613 UNIVERSITY BLVD, NE 
ATTN L. DAVIS 
ALBUQUERQUE, NM 87102 

EGSG WASHINGTON ANALYTICAL 
SERVICES CENTER, INC. 

PO BOX 10218 
ATTN LIBRARY 
ALBUQUERQUE, NM 87114 

GENERAL ELECTRIC CO. 

SPACE DIVISION 
VALLEY FORGE SPACE CENTER 
PO BOX 8555 
ATTN J. PEDEN 
PHILADELPHIA, PA 19101 

INSTITUTE FOR DEFENSE ANALYSES 
400 ARMY-NAVY DRIVE 
ATTN CLASSIFIED LIBRARY 
ARLINGTON, VA 22202 


22 






DISTRIBUTION (Cont’d) 


IRT CORP. 

PO BOX 81087 

ATTN R. MERTZ 

SAN DIEGO, CA 92138 

JAYCOR 

11011 TORREYANA ROAD 
PO BOX 85154 
ATTN E. WENAAS 
SAN DIEGO, CA 92138 

JAYCOR 

205 S. WHITING STREET, SUITE 500 
ATTN R. SULLIVAN 
ALEXANDRIA, VA 22304 

KAMAN SCIENCES CORP. 

PO BOX 7463 
ATTN A. BRIDGES 
ATTN J. HOFFMAN 
ATTN D. BRYCE 
ATTN W. WARE 

COLORADO SPRINGS, CO 80933 
KAMAN TEMPO 

2560 HUNTINGTON AVE - SUITE 506 
ATTN DAS I AC 
ALEXANDRIA, VA 22303 

LAWRENCE LIVERMORE NATIONAL LABORATORY 
PO BOX 808 

ATTN DOC CON FOR L-47, L. WOUTERS 
ATTN DOC CON FOR TECHNICAL INFORMATION 
DEPT LIBRARY 
ATTN DOC CON FOR L-153 
ATTN DOC CON FOR L-153, D. MEEKER 
ATTN DOC CON FOR L-545, J. NUCKOLLS 
ATTN DOC CON FOR W. PICKLES, L-401 
LIVERMORE, CA 94550 

LOCKHEED MISSILES & SPACE CO., INC. 

3251 HANOVER STREET 
ATTN L. CHASE 
PALO ALTO, CA 94304 

LOCKHEED MISSILES & SPACE CO., INC. 

PO BOX 504 
ATTN S. TAIMUTY 
SUNNYVALE, CA 94086 

LOS ALAMOS NATIONAL SCIENTIFIC LABORATORY 
MAIL STATION 5000 
PO BOX 1663 

ATTN DOC CON FOR MS222, J. BROWNELL 
LOS ALAMOS, NM 87545 


MAXWELL LABS, INC. 

9244 BALBOA AVENUE 
ATTN A. MILLER 
ATTN P. KORN 
ATTN A. KOLB 
SAN DIEGO, CA 92123 

MCDONNELL DOUGLAS CORP. 

5301 BOLSA AVENUE 
ATTN S. SCHNEIDER 
HUNTINGTON BEACH, CA 92647 

MISSION RESEARCH CORP. 

PO DRAWER 719 

ATTN C. LONGMIRE 

ATTN W. HART 

SANTA BARBARA, CA 93102 

MISSION RESEARCH CORP. 

EM SYSTEM APPLICATIONS DIVISION 
1400 SAN MATEO BLVD, SE, SUITE A 
ATTN B. GODFREY 
ALBUQUERQUE, NM 87108 

MISSION RESEARCH CORP.—SAN DIEGO 
PO BOX 1209 

(VICTOR A. J. VAN LINT) 

ATTN V. VAN LINT 
LA JOLLA, CA 92038 

NORTHROP CORP. 

NORTHROP RESEARCH & TECHNOLOGY CTR 
1 RESEARCH PARK 
ATTN LIBRARY 

PALO VERDES PENINSULA, CA 90274 

PHYSICS INTERNATIONAL CO. 

2700 MERCED STREET 
ATTN S. PUTNAM 
ATTB P. SPENCE 
ATTB B. BERNSTEIN 
ATTN C. STALLINGS 
ATTN K. CHILDERS 
ATTN A. TOEPFER 
SAN LEANDRO, CA 94577 

R & D ASSOCIATES 

PO BOX 9695 

ATTN W. GRAHAM, JR. 

ATTN L. SCHLESSINGER 
ATTN C. MACDONALD 
MARINA DEL REY, CA 90291 


23 







DISTRIBUTION (Cont'd) 


SAND IA NATIONAL LABORATORIES 
PO BOX 5800 

ATTN MAIL SERVICES SECT FOR 3141 
ATTN MAIL SERVICES SECT FOR G. YONAS 
ATTN MAIL SERVICES SECT FOR G. KUSWA, 
ORG 5240 

ATTN MAIL SERVICES SECT FOR M. CLAUSER, 
ORG 5241 

ALBUQUERQUE, NM 87185 

SCIENCE APPLICATIONS, INC. 

PO BOX 2351 
ATTN J. BEYSTER 
LA JOLLA, CA 92038 

SPIRE CORP. 

PO BOX D 

ATTN R. LITTLE 

BEDFORD, MA 01730 

SRI INTERNATIONAL 
333 RAVENSWOOD AVENUE 
ATTN S. DAIRIKI 
MENLO PARK, CA 94025 

SYSTEMS, SCIENCE 6 SOFTWARE, INC. 

PO BOX 1620 
ATTN A. WILSON 
LA JOLLA, CA 92038 

TEXAS TECH UNIVERSITY 

PO BOX 5404, NORTH COLLEGE STATION 

ATTN T. SIMPSON 

LUBBOCK, TX 79417 


TRW DEFENSE & SPACE SYS GROUP 
ONE SPACE PARK 

ATTN TECHNICAL INFORMATION CENTER 
REDONDO BEACH, CA 90278 

US ARMY ELECTRONICS RESEARCH 
& DEVELOPMENT COMMAND 
ATTN TECHNICAL DIRECTOR, DRDEL-CT 
ATTN LEGAL OFFICE 

HARRY DIAMOND LABORATORIES 

ATTN CO/TD/TSO/DIVISION DIRECTORS 

ATTN RECORD COPY, 81200 

ATTN HDL LIBRARY, 81100 (3 COPIES) 

ATTN HDL LIBRARY, 81100 (WOODBRIDGE) 
ATTN TECHNICAL REPORTS BRANCH, 81300 
ATTN CHAIRMAN, EDITORIAL COMMITTEE 
ATTN MORRISON, R., 13500 (GIDEP) 

ATTN CHIEF, 21000 

ATTN CHIEF, 21100 

ATTN CHIEF, 21200 

ATTN CHIEF, 21300 

ATTN CHIEF, 21400 

ATTN CHIEF, 21500 

ATTN CHIEF, 22000 

ATTN CHIEF, 22100 

ATTN CHIEF, 22300 

ATTN CHIEF, 22800 

ATTN CHIEF, 22900 

ATTN CHIEF, 20240 

ATTN EISEN, H., 22800 

ATTN MCGARRITY, J., 22300 

ATTN KERRIS, K. G., 22900 (100 COPIES) 





